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Two years agoinanEFL publtcatton Phys!cal Rocrntlnn Facllltlu, we
antroduced three projects that held promrse for using'fabric to enclose large
spaa\s All three protects have now been constructedand we are publtshtng them
here so that admrnrstrators and designers jooking for ways to build recreatronal
facilities can consrder the possrbrlrty of these types of shelters, There is also
another fabric structure included that wasn't in the previous publication, 8nd a .
glrmpse of four more Iarge structures under constructton or on the drawing boards.
EFL's inferest in fabric structures goes back t0 1959 when we supporteq the
development of an arrstructure enclosing a swimming nool at the Forman School
in Connecticut. Since then, EFL has consistently advocated fabric structures for
large enclosures of recreatronal activities {but not fbr classrooms until the rnterror
climate can be mote closely regulated) ' .
Technologrcal advances have producedfabrics that will last as long as regular
roof coverings and that are strong eno%to enclose professional‘football
stadiums. However, if is still a new art form withnio long history of performance,
and each step folward is to be carefully consraereo‘. Schdpls and colleges that
want to build fabsic structures should realize that they will be exploring beyond

the tried and true formulas of construction, and may encounter continéencres that

could shake‘their_confidencé in the venture. But when the building 1s completed
they will have the satisfaction of being on the leading edge of architetture and at
an economical price. ,’/ ., - wr

Educational Facllities Laboratories
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Interest in physical recreation is changing, more people are doing something
themselves rather than watching teams of athletes demonstrating their prowess.

¢ Peopleare 1ogg|ng, weightlifting, swimming, playing tennis or skating because it »
. -, isfun,improves their health, and can be continued througho. heir life. These
ti’fetime_sports are gradually displacing spectator sports, and schools and colleges
- acknowledging the change have to revamp their facilities to, provide the necessary

-
.

spacegfor the activities.

V. Institutions that have to build new facilities are looking for ways to overcome the
_ \ exorbitant cost of enclosing a large area that is untnterru;? by supporting

columns orwaIIs.QFor buildings the sizé of fieldhouses or farger, fabric roofs may
be the solution to breaking the cost barrier. Inifial costs of fabric structures in the
United States have been significantly less than concrete, steekor timber structures.
Weight has a lot to do with the cost savings since a fabric roof cdn be about

ong

Q

& one- tenth the weight of a conventional roof of similar span. Thus the walls and
< foundatrons can be'proportionately smaltler. . .
\ Thereare two basic types of fabric stryctures. Most of the fabric rg:ofs built to date .
. are held aloft by air pressure. Three of the four examples in this publjcation are
atrsupported structures. University of Santa’Clara, Charles Wrigh —i\gagemy,,and——
Mtllrgan College. The other type of fabric roof, at La Verne CoIIege. is held up from . 3

-~

o duct
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. a mast in a similar fashion td acircus tent,
. Airstructures: From Bubbles to Arenas ’
Atrstructures are a recent addition to the building vocabulary. The first to be built, )
though not the first to be designed, were developed for the U S. government to K v
enclose radar,installations in the Arclic. From these spherrcal airstructures !
manufagcturers developed fabric enclosure$ on a rectangular pIan for warehouses,

"

. Swimming pools, tennis courts, and other uses Later, desrgnersexplored new
. forms of airstructures to t}nake eyehcatchrng pavilions at world fairs. -. !
A major change in form occurred when fabric roofs were placed atop walls
(usualty earth berms) instead of rising from the ground to enclose the whole
's'tructure with fabric a8 in the buRbles used currently for tennis courts. With solid .
walls, the roof curvature can be flattened and thus reduce the rnténOr volume '
(which saves on\gatrng. coolrng. and inflating costs) and produce an exterior .
" thaMooks more permanent. ~ ~ '
The advances in form were made possible by the tmprovements in fabrics. Early
tabrics were not strong enaugh and did not havé the necessary lifespan for the
large permanent structures now being built. Seven years was once considereg to‘

vy
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be the maximum life ofa fabnc r00f, now, fiberglass fabrtc coated with chemlcals
canbe gUafanteed against sun and pollution for the same 20 years that tar and
feltroofing is guaranteed Also contributing to the long life of fabric roofs is a
techntque to reduce fhe stresses in the fabricona Iarge span roof by extending
steel cables across the roof to ek it up into a series of small roofs with the fabric

.

stretched much shorter distances between the cables o
The Jandmark airstructure was the U.S. Pavilion at the 1970 World's Farr in Osaka
Japan. It was: designed+o withstand typhoons, and gave credibility toa

constructron technrque thaf many peopie in the industry had CoRsideredTobe™ ¢
rmpractncable Sponsors of comparable airstructures rnvarrably turned to the
Osaka Pavilion for moral sfrength and technological proof before commrttrng
themsglves to building their own, .

The same type of fabric used for arrsu ipported structures is also used for tent like
structures, such as the one at La Verne College where the roof is-hung from masts
instead of being prished up by air. Like airstructures, the tandmark tent structure
was built at a world's.fair the West Gefman Pavilion at Expo '67 in Montreal. Later,
the same type of struefure was built on a much larger scale for the Munich Olympic
Games rrt}972 . .

- $Swaylng ln the Wlnd

Atrstructures are held up with low air pressure during noraal wind conditions.
When wincté%tncrease appreciably, the interior pressure isi ased to counteract
- the movement of the roof and thus hold the structure rigid. The fluctuatrons in
interior pressure are governed by automatic controls triggered by the outside wind
speed. They can also be adjusted manually so that if high winds are predrcted the
arrstructure can be inflated harder ahead of time.
Owners have to accustom themselves to a building that undulates under pressure
It'sa completely forergn experience since until now buildings have only moved
perceptibly in extremis. An instruction manual should be written by the arch) itect
or engineer and given to the operatrng staff of any fabric structure. In addrtron to
the daily operatrng instructions, it should teII what steps to take when certain wind

speeds,are predicted and encountered, and what action to take when snow falls.’
e 4
No matter how low the pressure is, the interior aif always seeks to escape to the

outsrde where the air pressure 1s normal This presents a design problem with exits
thatis Unnque to airstructures. The structure must be sealed to prevent air leaking,

.

N and the simplest way to prevent air passing through an entrance is to install

a
’
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revolvmg doors with firm weather stnp‘pmg to seal the edges. Emergency doors
are “balanced by placing the pivots closer to the center than the edge-so'that
they don’tfly opén when the panic bar i is touched. In addition to pedestrian
entrances, an arena needs an airtight truck entrance. This p’an be provided through
an airlock—a chamber in which a truck waits while doors at one end are closed -
before opening the doors at the other end.

Sinck the air pressure Iiterally floats the roof over the struct'ure the fabnc must be
securgly anchored to prevent it floating completely away. When a Iarge roof is

Iy
-

inflatey the fabric exerts a consnderable horizontal pull on the structure to whichitis

<

The threerairstructures and the tent structure in this publncataon are consideréd by
thejr owners to be inexpensive compared wnh ngnd structures enclosing the same
floor areas. The economy is effected by the small tonnage of materials to be
bought handled and erected, the shorter cons§rucnon fiméto put the roqf on,and
the smallerfoundahons required fora lnghtwe}bht structure There are some
offsetting costs of heating and cooling a building with next to no_insulating valué
over most of its surface (two of the four bunldtngsare umnsulated) but at this
writing none of the schools has operated its st?udure more than a few months, so
costs are not yet recorded.
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When the time eame for thé University of Santa Clara to consider building a hew
student activities center, one of the criteria dealt with making the university visible

4

to.potenﬁil students, and another qriténon required the b[nlding to not q:ominate.
. the campus This paradox was solved with an airstructure that rises 35 feet at its
. ! highest point and slc;hes all around back t6 the ground The low profile of the
structure doesn‘t.intxude on the other architectural styles—basically Spanish

Mission-buildings set in well-cared-for grounds—and its onginality and function
are expected to make the university remembered-by-high schoot students:

. evaluating colleges in northern Cglifornia In addition to wanti‘ng a structure that
makes the universitya center of attention, the admmi'strators faced the mundane
reality of poor soil conditions that, inan area prone to earthquakes, vyo'uld require’
extensive foundations for a long-span steel or concrete roof. Over all, the

airstructure is about $250,000 cheaper than a rigid building enclosing the same
volume, says the owner, or, to put it another way, if the umvérsity had ipsisted on
a rigid structuré it would have had to make do with a-considerably smaller arena.

ana

s

~N
Eventually, the student activities center will be financed with pledges, but to tide
over the four or five years in which tfie pledges w‘ill be honored, the university «
raised $4 million in tax-exempt-revenue bonds. California enacted legislation 1n

Uy off

talCl

O

1974 that permits educational institutions to sell tax:exempt bonds, and under this
plan Santa Clara sold its bonds at6.6%, saving an estimated $1.5 million in
. intérest costs.

VEKS]

®

.

) Whén the center was being planned, a survey of staff and.students showed that .

» swimming was a high priority in a list of a‘ctiviti'es that should be included. Because
the climate is mild enough for $tudents to enjoy outdoor swimming at least six

- months of thecyear. the designers separated the pool from the main arena and put

s itundera separate but adjacent roof. During the summer the pool roof can be
rolled back over its supporting cables. Thishas a practical advantage; a less
expensive fabrie can be used since it will be exposed to the harmful effects of
sunlight only half the year. The locker rooms for all activnti’es are located at the end
~ . ofthe main arena adjacent to the pool so that one facility serves both structures.

The rooms are undern'eath'a concrete mezzanine under the main airstruc_:ture roof.

squash courts and other physical recreation areas. Both mezzanines carry

(e ]n]

A smaller mezzariine is situated at the other gnd of the airstructure. Beneath it are -

~bleachers that can be folded'away to leave space for a basketball court. With all

44 seatsin use, the main basketball court can accommodate 5'.000 spectators,

Ay e
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" Hefty-looking steel tmsses surround the basketball court to supportthe tjgl'tting,
. scoreboards, and teIevision cameras. These trusses seem slightly incongruous
under a fightweight reof of cables and fiberglass fabnc but they do serve one -
- ' important additional functlon if for any reasonthe roof drops, it will drape over’
' TR the lighting trugses instead of collapsing on the floor. . ’
Airfor the large arena can be‘cooled or heated before it is blown in to support the
roof. When the pool is enclosed, its roof is supported by air exhausted frcm the '
. ’ main structure. No outside air is blown ifto the pool structure. For safety reasons,
L a set of standby fans equaling the capacity of the regular fans is ihstalled in the ‘
‘. $ _ student acti\ftties center. The standby fans simply blow outside air into the. .
’ structure without coolipg or heating it. Engineers calculate that even with a
100-sg-ft hole in the roof, the combined fans would still ke€p the roof floating
e’ i . ' " Theroof fabric is translucent and is expected to be moretranslucent when it is ’
. bleached by six months eyﬁtsure inthe atmosphere Itwill then admit erough .
daylight to make amflmal lighting unnecessary dunng the day. It also permits A e
* plants to grow because sufficient ultraviolet Itght penetrates the fabric, During the ™
' desfgn periad, landscape architects used a sample of the fabric to determine
Wthh plants will grow best on the interior faces of the earth berms.

Rooft-raising ceremony of Student Qunng theday whenthe sunis ,t,lumanattng the intenor oj the structure, itis aiso
L]

oo

< 7

Activities Center in March, 1975. heating the space. To counteract the solay heat gain, the air supporting the roof

Top photo was taken , has to be chilled thrOugn airconditioning®nits before it is introduced to the interior.
__15 ininules betore bottom. The architect says that the amoupt of heat created by the sun shining through the .
SR translucent foot is about the same as the heat given off by lighting units ina

buutdtng witha tradttlonal roof. He also points out that 5,000 spectators at a winter
game will give off more heat than the summer solar heat gain, and the
aurcondtttonlng system will have to be swntched on. Operattonal costs calcuiated .
" bythe archi tects béfore the center was built tndlcate that it should be about the
same t heat cool, and light asa conventtonal buttdtng housmg the same activities.
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Despite large span, airstructure root
mainlains low profile in keeping with
older buildings on campys.
.

ERIC

3




i Y AN T 1 . .
N \ ] . \/e . ;
. NN . C 4 .
'y e % ™~ / Ce- ~
| - < oY - o~ A ./. / .
/ ) / - & % F w»o > 4 . ) . b .
. f \ . \\ . _ @0000.«& - i \ N\ _ , £
.‘J . y / . \% UV\ . . .\.\OJ @00 . . . /: ! L. . . .
. / / ’ - . '
. ¥ = - P . I~ A A R . .
=~ ) 4 S R \ -
i (- - b.:u v = =5 = = \ S - . =
| LB = = == I Al
3 3 : P . = k- == = \ 3
-~ . H g e ]
= = == = W .« .
u =l ,_....ss..l S
.t m m

el . — —-= r = \\‘ = \ = ..lv r=—
= g £ == Lil|[sacn o
= = i = _ .
= = =" £ = =3 _ _ ! ® A
- = s

______________________

[

e i N E
4 ..\..w.v . 4 - . .
I 7T\, . ~ - t e
S It H /N D . \v & Qi p= e
TR R R e
‘ N . . 0 [ . * - y - .
- ¢ 4 . a . 1 i
I 7 A , . | _ W
; - ” p N il
SN | I 111111111 O 1

. : ey v - _ 1|
= z = |
= e ==
== = [l
° . :
: ., . ! . .

|




{
/

CE

:

kY

«

RIC

PAruntext providea by enic [l

Ares enclosed: Studént Center, 65,000q t, Pool, 17500 sq ft.
. Costof fabric roof, cables, and rlqg girder: Student Ce?tgr.

$445,000; Pool, $121,000.

. -Total cost of project: $3,573,300.

v , 1 , Steel trusses carry lighting and
i Kl ' g oy
J v equipment for basketba‘ll‘h%un.
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separating ball-playing areas.
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'Fn{\rin roof will be
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Ll: Mc‘back in summer
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Charles Wrtght Acadomy, a prwate K-12 schooI in Tacoma Washrngton bullt
asimple arrsupported ftetdhouse at an astonishingly low cost. The fieldhouse

contains enough floor space for two basketball courts and two badminton courts,

it

¢ but there are no mezzanines or basements. Everythingis on the'ground floot under

a 220-ft by 140-ft airsupported roof, except the locker rooms which are located
ina concrete-block building at one end of the fieldhouse. When the schogl raises

funds, it will build outdoor tennis courts next to the fieldhouse locker rooms.
Because the interior is kept simple, the schooI had a head start in building a -

jow-cost structure. Excluding the Iockerroom burldtng, the completed fa.crlrty cost
314 23asqft. Two otherdeslgn decrstons contributed to the economy. to use a

.[@
.

O

polyester fabric instead of ftberglass roof and to use '‘economy model" hardware,
finishes, etc. : -t v
The roof spans 140 ft acroSs the fieldhouse, which according to the arehitect is

Ii;

V

about as far as polyester fabrics should be extended withqut support from cables.
(rms also contrrbutes tothe low cost since there ate neither cables nor anchorages
to tie them down The ®dge of the roof fabric is attachedto a concrete ring beam t

A

cast integraliy with a precast wall. Cables sewn into the fabric Ioop around the
perimeler to help relieve the stress on the fabric. B
Most air roofs are instalied atop an earth berm (a2 mounded earth wall) but CWA's 17

fieldhouse has a concrete wall sloping inward at about the same angle as an earth

berm. This accompltshes three- destgn functions. it. matntatns the aerodynamtc .

profile of the roof so that winds deflect upward over the structure; it creates alarge
. storage area under the wall, and it elevates the fabric beyond the reach of casual

vandalisfh. Constructton was srmplttted by precasting the waII slabs and

supporttng‘them oncolumnscastinplace., . *
Tacoma expertences erratic winds from the Puget Sound that tend to blow in gusts '

es |

but not at sustarned intensity. Such conditions are not tdeat for an airstructure but
they are not rnsurmountable For instance, "Charles Wright's controls are set to

raise the normal 2%z pounds per sq ftinterior pressure to 5 pounds when winds
reach 30 mph even though thaLaIrspeed does not require.5 pst..But after the

( wrnds reach 30 mpH, records show that much higher gusts can be expected SO . ,
the arrstructure 1s prepared ahead of trme Durtng the first few months, the staff is
.usinga manual control to Iower the rntértor pressure until a pattern of gustingcan *
be established. This manual control 1s used to prevent the u\tenor pressure from
automatically going qun‘durl'ng alullin a gusty period that«EouId leave the

'structure uriprepared for a resurgence of high winds.
s . LN oV | ’ .
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|+ Fabric roof sits atop corjcrete walls that
slope inward to maintain aérodynamic
shape of structure

« .

R . ' - . -
Air pressure is maintained with four blowers, two of which are automatically shut

off during norﬁwafoperating conditions. These blowers are integrated with heating
and cooling units so that they &an maintain the interior temperature at 65F in
winter and 10F below the outside air during summer. If &n electrical failure stops
fhe blowers, a standby blower fueled by propane gas will maintain the air pressure.
All the mechanical equipment is st ndard components. None of it was designed

foran airstructure. )
Should the roof fail through lack of pressure or a catastrophig tear, it would not fall
to the floor because Irghtrng poles would hoId it above the heads of any people

in the burldrng It the Walls had been high enough to support the draped fabric
above t/he fioor, the light poles would not have.been required for this function.

M@ of the 28 members of the schooI s board of trustees resisted the prospect of

an ajrstructure. Aesthetics was not a problem saysa member af the board, it was

strictly a matter of getting value for money that has to be raised by the school. Ope

of the strategies adopted by the supporters of the proposal was to always speak

of the structure as a permanent building, and never refer to it as a bubble. Bubbles

are used to enclose,pools and tennis courts, and in nearby Seattle a bubble

enclosing tegnis céurts‘at acountry club had been ripped to shreds dunng a gale. 19
The drfference between a bubble and a permanent airstructure is significant. The

whole ofa bubble is fabric, and because the bubble is not Bought to last forever,a  ~
low-cost fabric is used in order to keep the-initial cost down Therefore, when, or

. if, the fabric deteriorates in sunlight, from air pollution, or irshigh winds, the whole ’

structure is lost. On the other hand, the school’s fabric roof made of nondegradable
“materials accounts for only about 10% of the totl cost of the stmcture and if for
some,bizarre reason it is destroyed 90% of the investment will remain intact. —')
Witheut committing itself to build, the board appropriated $26,000 for a design fee

to explore the concept, then appropriated more funds to produce working

14
‘drawings. Not until bids were received on the final drawirigs did the board formally

degideTobuilehe airsupported fieldhouse:
Duting the explorati ﬁ of‘the airstructure project, Iong discussions took place wrth
local and state buildi g{omcrals about fire codes, flammability, occupancy
Irmrtatrons etc. Finally, all probtems were resolved and the proposed burldtng was
classrfred asa pergnanent structure. ; ‘

-
-

Constmctron was divided into two contracts: a general and a roof oontract

,,Q)tarntng bids for the roof was difficult, says the architect. In the first place there

» - .
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. aren’t many companigs inthe country that fabrfcate and erect fabric roofé. and
N those that do oyen prefer to design the structure themselves. Charles Wright ‘
[ * / ) Academy asked four contractors to bid on the roof one company tetused because
‘ ' itwanted a deS|gn construct contract two offered substitute materials that did not
comply w:th the specifications and were unacceptable to the architect. The fourth
. ¢ company met the specifications and its bid was accepted, The final cost of the
completed fieldhouse was 0 4% more than the bid price Thrs, says thearchitect,
. isextremely close, considering that an’ average Job runs about 5% over. .

. ' . . °

. & -
Cables sewn inlo tabric arc between
column anchorages to relieve stress
along the edges of the fabric.
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Charles Wright Academy
7723 Chambers Creck Road Tacaoma Wash 98467

Architect*Oonald b Burr & Assocrates Tacoma, Wash

Structural Engineer ABAM Engineers, Inc . Tacoma, Wash
Areaenclosed 30.400 sq ft

Costof tabric roof $60,500

Total co$t of project. $588,000.
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prevént roof fabric drapirig on .

fioor if air pressure is lost. '
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About 50 million people saw La Verne collo'go on their television screens inthe.
fall of 1974—and it wasn't because of a campus riot. What oné quarter of the
nation saw was qchemical_corporétion's commiercial that appeared twice in prirrte
time The commercial inclyded shots of the sponsor's coated fabric on the roof of
La Verne's new student center that looks like a Brobdmgnagran Mardenformscape
~ lLaVerne has achieved two big breakthroughs it's the first college witha
. permanént tent structure, and it may be the first to house such diverse activities
' ) under one roof “The program is as interesting as the shelter. Physlcal recreatron,
¢ an, student heétmmrces and a social center are all in one burldmg with no
doors separating actiyities. Nevertheless .each department ] terrrtory is firmly .
. defined by the plan of the structure. ) '

-

+

The building plan is based on a square with semicircular segments alongeach
side of it. The¥quare area has a mezzanine built above it that contains the main <
basketball court Offices and a campus store are located underneath the
i mezzanine. Each of the'four segments contains different activities. One is an arg,
) studlo another is gymnastrcs and body burldrng the thirdis for sfudent health

_ servrces and union activities, and the last contains food vendmg machmes,
seatrng pool tables, and table tennis.
Four masts support the roof. Each base is at the midpoint of a s1dé of the square
containing the offices, and each leans outward. The four fabnic roofs intersectatthe
center of the structure and create a large uninterrupted interior space. Toilets and
stairs to the basketball court are located infour circular towers at the perimeter.

LY

28

La Verne's roof structure consists of masts that can be raised with jacks, cables
from the mast tops that stretch down to a perimeter beam, and fabric stretched
. overthe cables Originally, the fabric was intended to be translucent so thatin.
daylight the interior of the center would be flooded with natural light. Unfortunately,
from an aesthetic standpoint, insulation added to the fabnc to_reduce'the solar
heatgath blocks out the daylight. A sense of what the roof would have been Iike 1
if not insulated can be seen around thé perimeter where uninsulated translucent
panels admit daylight.
. The fabric and its coating are both inert and flame resistant. They,carry a 20-year
life expectancy, just like some airsupported roofs. La Verne says the total cost of
the centeris $33 a sq ft, which includes sep'arate theater adjacent to the center
thatis a one mastverslonot the big tent. A La Verne spokesman contrasts the
\ modest cost with $80 a sq ft for most college structures. %
o>







e

Belng a pnvate institution, La Veme had to raise its om\/n construction funds
. . , 'S through donatlons .pledges, and an unsecured loan for $2 million. There were
’ ' -Nno state or federal funds in the project, To relieve the financial burden, the coliege
denerates some,.r'evenue thtough sellmg memberships to students and nearby
e families to use the facilities during the summer vacation. High schdols rent the
. , basketball court for tournaments because.the unusual surrodndings attract more
. . spectators to thefr games. ' :

Four masts support roof of sid¥gnt B e T e ae IS Tl s -
center Ada.ent theater s mea - \ o . e YT - F L3

\ . B . .\~ ' . ot .: . -
supparted with g single mast - ’ T .
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La Vomcpollogo

1950 Third Street, La Verne, Calif 91750

Architect The Shaver Partnership, Satina, Kan

_yétructuml Engineer Bob D Campbell & Company, Kansas é.r, Mo
andT Y. Lin, Kulka, Yang &Assoc»ates San Francisco

Area enclaged Student Center, 57,000 5q Jt. Theater, 11,000 s, #
Costqt 1abzlc roof, ma;ls, and cables. StudentCefte' $510,000,
T ien, 590,000 e .

cosl of bulldlng,Student Center, $2, 189 opo Theater,%axab ,000.
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2A small, church- Sriented collegein eastern Tennessee showed remarkable falth
in technology when it committed itseif to building the largest (at that trme)
airsupported structure in the United States. It ran into findncial problems during~

» construction, but it now has a fieldhouse under a 35,000-sq-ft fabric roof.

Miiligan College wanted space for physical recreation, and in 1970 an archite’ét
who had just completed another building on the campus suggested that an
airstructure would enable the college to build a large fieldhouse at about half the
cost of a-conventional structure. The first estimate of $1.2 mtltton was accepted
andthe coIIege found a donor for the fuII amount. A revised estrmate added
$100,000 which the college agréed o1 rarse However, a series of unfortunate \
circumstances, mcludtng poor soil conditions and subcontractors resigning, *
delayéd wotk and raised costs until the total reached $1,664,000.

. Another $200,000 was obtained from a foundation, Ieavrng Milligan ta find
$264,000. In large colleges or untverstttes a quarter of a million dollars m’ay seem
aneasy target but for §Tural coIIege with an nrollment of 800 and an endowment
__of $1,162,000, it seems as elusrve as winning'the national intercollegiate

"basketball champronshtp Nevertheless, the unit cost of Mrlltgan s fieldhouse is ~
only $27.75 a sq ft, a modest figure for such a large arena:

Designers tock advantage of the hilly terrain to locate the fieldhouse Where ’
required a minimurmn of excavation. An earth berm encloses abbut three quarte .
of the circumference of the struéture, cqumns are spaced arouhd the remairting
quarter to support the roof’s ring girder th:t.s?atop the berm. The grrder forms an N
“exterior wall that raises the ends of the roof cables htgh enough for them to hang
without touching the floorwhen the roof has no’ supportlng air pressure,

There is a large mezz’antne that rncreases the usable floor space t 62,000 sq ft.
BIeache;s can seat 1,400 ép ctat0rs for the main basketball cou;{o he ‘

""‘mezzanrne Beneath the me&anine art a swrmmtng pool, tocker rooms and

open floor areas. C . - P N

The pool environment has to be kept warmer than the rest of the fieldhouse. Most

of the pool is under the mezzanyne and is walled in with gIass partrttons but the
'drvmg boards are nq}‘unde,rthe mezzanrne and they had to be separated from the
uninsuléted fabri¢ roof above. This j js accomplished with afabric canopy d)'aped
from the top of the ring .grrderd0wn to the edge of the mezzanine. v !
The lower lloor can be heated and cooled indepefdently from the upper roor \
although apat't from the pool the areas are not isolated from each other. Three

htgh pressure fans (twoatd trme ln normal usage) suppott the roof, and each rs »

""J
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nnectedto heating nd coolin equupment Two3ow pressure fdns also supply,

\ against the topTayer of fabric.
fron the sandwich. The insulatt
with a sifigle, uninsulated fabr

Columns and brick walls sbpport ‘ep |

concrele ring girder on one side of

building top, and earth berm supports .. ‘

girder on oppos:!e Side, bottorp Inside

face of berm 15 coverag in concrete.

left of photo at nght. °
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"M;lllgln College ‘

Mulllgan.College T enn.*37682 |

Architect: The Shaver Partnership, Michigan City, Ind.

" Structural Englneer Geiger Berger Assocnates, New York.

Area enclosed: 68,400 sqft. S Vo

Cost of fabric 4roof, cables, and ring girder. '$190,006. '

Tomcos( of proloct $1,664, 000." ;
'[mc Ty
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\
Aclual sizé \) Some of the people rnvolved with the four schooIs in thrs pubficatton belreve that,
K .

detail of fabric they patd a penalty forbeing among the first to use fabrtc roofs. Manufacturers

$ v o 4

and contractors clalm fhat costs will go down’ when they become more familiar

wrth the materials and constructtontechntques because they will not haveto

make allowances for unknown contmgencres .This may be ov\txopttmisttc since
at present, a fabric roof, including its erectton costs about 129 of the total
: ¢ constructiohof a sludent activities center. Famtlrarrty with the techrxogy might

" . reduce this costbysay 8%, Wthh would lower the over all cost 1%—$§Q 000 on

: to . a$3million center._ . - )

' Howevey, the main economtc attraction of fabrlc structures is that théy can be built
fora great deal less than any other" type of roof of srmrlar spans. Ownersthemselves .
"can help reduce costs by simplifying the uses of their airsupported or ‘tent . 1
struclures. For |nstance ifthe Structure ofafieldhouss i is made only to house a .
field, it will be much cheaper fo butld t|1an a fieldhouse containing offrces . . . J

e .. Mezzanines, Iocker rooms, etc’Unfortunatety. there’s a temptation to increase the ‘

g amenities inside a structure just because,of the savings effected by a fabric roof.

T TTTOf course; the extras | mevrtably outwelgh the savrngs. and another expensive
burldmg is'perpetrated. . ' N

RN
‘

M

There seems to be no makimum size foran airstructure. Accordrng to David Getgerzg 41 .
’ there are no limits to roof spa_gs andonly. mrrtor limitations to the economical

» shape ofa rodt. Thts leads planners wrtb an eye to the future to sketch enttre
campuses Underneath a fabric roof, and then’to project the congept to an entire
encapsuIated city. Alrpady, farsrghted ,corporations are discussing the
possibilities of butldlni new rndustnal plants ugder airstructures so that (ees,
bushes, and water can be wsed to make the surroundlngsfar superior to standard

+ manufactiring plants: - A .

Meanwhile, colleges and secondary schools have to find additional phystcal LN
recreatton facilities for female students Federal law$ demand that equal accesg '
be gtven to men andwomen students and many. rnstttutrons had previdysly

fora basketball court and bléachers can't containthe drverstty of programs thiy
must néwbe offered. The alfernative is Qnew fteldhouse and if makes an ideal .
candidate for arrarr,s'upported roof. '
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ork is underway Qn an hrena wlth an mrsupponed roof :ri Porwac M:ch’gan. that ¢
wm $eal 80,000 spectatorsat p:ofessionat football games ABout haif the seats - .. “ w
] will bebelow groun,d tevel so that the roof Can be kept,reasonably low, Tﬁe S
constructton schedu!e éalls forthe stadtum té) be opened to the publfcbefo;e mé
.roof is mstailed The roof w’tl be added 2, few weeks later bétween games* ://
Constructton costs are pro;ected tobe $42 nﬂhon JThe stadlum was desxgned’ by
A Deﬁf Hewlett & Luckenbéch lnc archttects. and Geiger BergerASSocjatés, S

v

engineers N

,,‘—-,

’rho Unrvarpfty of Northomtotn .

ff an airsupportedroof encloses a stadtum bmlt to accommoda/\te Iarge nﬁmbers

‘of spectators, the structu:e cannot retain thelow protule usedat Mtllrgan or Santa
' Glara The Unwersnty of Northem fowa is currently buildmg a coluseum at Cedar )
f ' . Falls that reqm%s the roof perimeter to be elevatéd about 701t above the arena “

g
.

‘,‘.«’

floorina rder to acgommodaté the seafing An earm,berm rises aboist halt the,',
height, and a'verttca[ ccmctete wall encircles thebuilding above the berm B
The COIlseum plan isa 450 ft Square with roundsd comers topped wuh a

" 168,000-sq-H fabric ioof. The cost was esttmated Ll 's6.2 mijiign when wor“k

" started in 192‘4 About“m 0G0, spectatot\ég\wll be seated for football games and
5 006 mére seatswm beadded for’actwmps such as cbncerts The stadtum was '
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Hanover P-rlr, Iilinols

50 ftapart, and coated frberglass fabric will be stretched betweep them and pull

. down so that the fabric forms a ‘saddle’ effect.

The Hanover Park Récreation Complex will house just about every act'ivuty
consrdered tobe't recreational On pIan, the facility is shaped like an uneven cross
Atthe center. under a ngrd roof will be the offtces. locker rooms, shops, meeting
*rooms, etc on three floors. Two short wrngs with fabric roofs will containa gym
anda smaII icegink. Two main wrngs aIso under fabric roofs, will contain tennis
courts and a hockey rink. The Shaver Partnership is the desrgner .

Eastern Michigan Unltrorsity )

A feastbrltty study for Eastern Mlchigan Umversrty shows that the exrstrng football

stadjum could be roofed over with an airsupported fabnc |f the two ends of the

stadium are extended to form an ovalarena. 7( he spaces at the two new ends could /
accommodate arunning track and a basketball court If football is played on o '

- artrfrcral turf the “turf” can be rolled awayto expose nine basketball or tennis -

coutts. The cost of a basic conversron (at 1974 pnces) is about $10 million. If the - \
university builds all the facrlrties itwants in the drena, the cqst would be another '

$2 million, The feaérbrhty study was made by Geiger Berger Assocrates. engrneers .

~and O*DeII/HewIett&Luckenbach inc archrtects

A
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chadwlck Schoo .
Fabric struéturemdon have fo be bigand complex like the preceding examples— .
“off the shel f".models ¢an easily be,»adapted fo shelter recreational attnvmes.

An economy model! airsfructure enclosing a fieldhouse at the Chadwitk School, a
private school in Palos Verdes, Califgrma,»wa"s built for$173,000 plus $9,000 for

g suppon the fabnc roof it in case thé air pressure should be lost. Masts, howev9r -
-~ would have obstructed theplaylng aréa, so the desngne\s offered to erect masts |
‘ oufsude\he structure and tether the fabnc to them so that the roof could never sm\F

tQ#he ﬂoor The masts serve as, flagpoles that add a festve touth t8 the site.

’
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EFL Publlcatlons -

The followrng reports are avattz;{le from EFL at 850 Thrrd
Avenue. New York,N Y 10022 '

Campus in Tnntltlon Interprets demographic factors

—

Five Opon Plan High Schools Text, plans, and piclures
explain how five secondary schools operate open
curriculums in open spaces. (1973) $3 00

Generating Rwonuo from Collogo Faclllttu Strategres

influencing cottege enroliments, discusses current acad.emtc used by institutions of hrgher education to produce income

trends, and describes how dozens of colleges are
producing new income and/ or providing new programs .
without building new facilities. (1975) $4.00

Career Education FacllltluA programmrng guide for
shared facjlities that make ogeset of spaces or equrpment

" serve several purposes. (1973)$ .00 .

Communltylhchool. Sharln,g tru $pace and the Act\on
How schools share facilities wrth other public agencies t
provide improved social services. The book discusses
financing, planning, building, staffing, and operating
¢o munrty/schools (1973)'$4.00

The Iconomy of Endrgy Conurvatlon in !ducatlonal
#thllltlu F{ecommendattons for reducing energy
consumptron in existing burlorngs remodeled p{ojects, and
future burldmgs Explatns the importance of including .
Iong-term operatrng costs and evaluating capital costs of

[electrical and mechanical systems. (1973) $2.00

Edu tlonal Change and Architectural Consequences
A report on schaol design that reviews the widé choice of .
options available tor planning new facilities or updatrng

old ones. (1968) $2.00 -
Invlromhontal IdupatlonIFacIIlty‘Ruourcn llustrates
where and how students learn about the envrronment by
usrng extstrng faciities n schools communities and natural
sites. (1971)$2 00 A\

Fowor Pupllsllurplus Spaco Looks at the phenomenon

. ofshnnkmg enrollments, its extent, its possible duratron.

and some otthe strategies Reing developed to t:ope with

unused school space. (1974) $4.00
’ ’ [l 0 ]
' [ ot

CERIC - o

. ‘guidesand resources forteachers and Fini-Gourse

fromtheir Iand and butldtngs {1974} Single copies free,
multiple copies 50 cents each.

The Greening of the High Schoot Repo
conference on how to make secondar rech

na

! healthy
Includes the hife-Styles of adolescents ahd vays to
accommodate the.m open curriculyms,
education programs. (1973) $2 00
ngh School. The Process and the Place A’ how to feel
. about, \ as well as a "how to do it” book about planning,

d alternative

design envrronmental management and the behavioral
and social rnfluences of school space (1972) $3.00,"
Learning About the lullt Invlronmont A ourcefiook of

.

SV, BRSNS .

activities, programs games, srmulatrons and frlrn,s f
students. Available from the National Assocratton of
_Elementary School Princlpals, 1801 North Moore Street '
Arlington, Virginia 2220b (1975) $3.00 ‘ '
One Out of Ten: $chool lanning for the Handlcappod
implications of the new lawg for the handicapped. and
alternative methods of edy ’ating handicapped children in
public schools (1974) Single copies free, multiple copies
50 cents each. ; :

. Physical Rocrntlon Facilities lllustrated survey of places
providing good tadilities for ph‘y,srcal recreatton*hi‘t sghools
and colleges—air shelters, roofing existing stadilms, )
shared facilities and co versions (1973) $3 00

The Plade of tho Arts In New Towns Reports the
experrences of arts in new towns and established
commumtres lees insights and models for the support
andplannlng of programs and facrlttrbs forartsinnew

T

3

-

towns. (1973) $3.00 | . .- .

*




old dopms, new’ manggement methdds co-opsand

'lP[ncu and fhlngs }or Experimental Schools Reviews ‘
revery technique known to EFL forimproving the quality of
school buildings and equipment Found space, furniture,
community use, reach out schools, etc. Lists hundreds of
sources. {1972) $2.00

Reusing Rallroad Statlons Advocates combining

" commercial and public use of discarded railroad stations to
"preserve part of our heritage, keep urban centers alive, and

provide facilities (uncludmg}‘educahonal) for put blic services.”

. (1974) $4.00

Reusing Raliroad tauons. Beok Two Extends the
lnformquon in the fv s\kKook explains the business of
develobmént and describes 30 federal agencie’s that can
give flﬁancnal aid. (11975) $4X0

Studon3 Housing guodeto

onomical ways to frovide
betterh’busing for stiydents Nlustiates techgiques
|mprovement through administratide hanges remgdeling

governn')?nt financing. (1972) $2.00
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Flims .

The following filme are available for rental at $9.00,.or for
purchase at $180.00 from New York University Film
Library, 26 Washington Place, New York, N.Y. 10003.
Telephone (212) 598-2250, ' o
New Lease on Learning A 22-minute, 16mm color film
about the conversion of "found space” into a learning
environment for youhg children. The space, formerly a
synagogue, is now the Brooklyn Block School, one of New,
York City’s few public schools for children aged 3-5.
Roomto Lurn A 22-minute, 16mm color film about The

‘Early Learning Center in Stamford COnnecttcut an qpén-.

plan early childhood school with facilities and program
reflecting some of the better thinking in this field.

The City: An Environmental Classroom A 28-minute,
16mm coler film, produced by EFL in cooperation with the
New York Cuty Board of Education, shows facilities and
resources inand around the cityin yvhlch effective programs
of enwronmental education are un lerway. Such dlverse '
sites as the HudsOn River, an mcnnerator Chmatown.
Governors Island anda ehuldren s camp ina rura] settmg

. are analyzed {or their cornbutmnsfto the eduqanor\of

city children. :

¢
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